FLASH MEMORY CELL AND FABRICATING METHOD THEREOF 



DESCRIPTION 

CROSS-REFERENCE TO RELATED APPLICATION 

[Para 1] This application is a divisional application of U.S. application 

serial No. 1 0/604,861 , filed on August 22, 2003. 

BACKGROUND OF THE INVENTION 
[Para 2] Field of Invention 

[Para 3] The present invention relates to a structure and method of 
fabricating a semiconductor device. More particularly, the present invention 
relates to a structure and method of fabricating a flash memory cell. 

[Para 4] Description of Related Art 

[Para 5] A typical flash memory cell includes a stacked structure of a control 
gate and a floating gate, and a source/drain region on two sides of the 
structure, where the control gate and the floating gate are generally 
constructed of polysilicon. In a conventional method of process of a flash 
memory cell, a positive high voltage is applied, in a programming mode, to a 
control gate to cause electrons injecting to a floating gate so that the channel 
under the floating gate is turned off in a reading operation; while a negative 
high voltage is applied, in an erasing mode, to the control gate to cause 
electrons ejecting from the floating gate so that the channel under the floating 
gate is turned on in a reading operation. Data in the memory cell are judged 
by whether the channel is turned on. 

[Para 6] However, over-erase often occurs in a process to erase a flash 
memory cell. In other words, too much electrons eject from the floating gate 
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to cause the floating gate carrying positive charges, and thus the channel 
under the floating gate will have electron leakage; when the over-erase 
becomes more significant, the channel may even stay in an on-state to 
seriously interfere reading operation of other memory cells. To solve such 
problems, prior art provides a split-gate design, i.e., by constructing a select 
gate beside the floating gate and separating the select gate from a substrate 
with a gate oxidation layer, under which another channel for the memory cell 
is formed. Thus, when the channel under the floating gate continues to be 
turned on due to over-erase, the select gate beside the floating gate will have 
a function to turn on or off the channel of the memory cell. The select gate is 
mostly constructed of polysilicon and is patterned simultaneously with the 
control gate. 

[Para 7] Even though the split-gate design in prior art may effectively avoid 
problems caused by over-erase, the split gate fabricating process requires two 
deposition steps to deposit polysilicon and thus is time consuming since the 
select gate is formed after the formation of the floating gate. 



SUMMARY OF THE INVENTION 

[Para 8] The present invention is to provide a structure of a flash memory 
cell with a split-gate design to avoid various problems caused by over-erase of 
the floating gate, and formation of the structure requires only a single step of 
polysilicon deposition. 

[Para 9] The present invention is also to provide a fabricating method which 
requires only a single step of polysilicon deposition in the process to form the 
split gate for saving time and costs. 

[Para 10] The flash memory cell of the present invention includes a substrate, 
a select gate, a floating gate, a gate dielectric layer, a high-voltage doped 
region and a source region. There is a first opening in the substrate and 
further, there is a second opening on the bottom of the first opening in the 
substrate. The second opening is narrower than the first opening, while the 
second opening is deeper, as measured from the surface of the substrate, than 
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the first opening. The select gate is on the sidewall of the first opening, and 
the floating gate is on the sidewall of the second opening. The gate dielectric 
layer is between the select/floating gates and the substrate. The high-voltage 
doped region is under the bottom of the second opening in the substrate, and 
the source region is formed besides the first opening in the substrate. The 
high-voltage region is simultaneously used as control gate and drain region. 

[Para 1 1] The above flash memory cell of the present invention can further 
include an insulating layer and a contact plug, where the insulating layer is on 
the top of the substrate and covers the select gate and the floating gate. The 
contact plug penetrates through the insulating layer and is electronically 
connected to the high-voltage doped region to supply high voltage to the 
high-voltage doped region. 

[Para 1 2] The method of fabricating the flash memory cell of the present 
invention includes the following steps. First, a substrate is provided and a first 
opening and a second opening are formed in the substrate, where the second 
opening is formed on the bottom of the first opening in the substrate. The 
second opening is narrower than the first opening, while the second opening is 
deeper, as measured from the surface of the substrate, than the first opening. 
A high-voltage doped region is formed under the bottom of the second 
opening in the substrate, and a gate dielectric layer is formed on the substrate 
in the first and the second openings. A first conductive spacer is formed as a 
select gate on the sidewall of the first opening, and a second conductive 
spacer is formed as a floating gate on the sedewall of the second opening. 
Additionally, a source region is formed in the substrate beside the first 
opening. 

[Para 1 3] Furthermore, in the above fabricating process of the flash memory 
cell of the present invention, after the formation of the source region, an 
insulating layer is formed on the substrate to cover the select gate and the 
floating gate. A contact plug, which penetrates through the insulating layer 
and is electronically connected to the high-voltage doped region, can also be 
formed to supply high voltage in the high-voltage doped region. 



Page 3 of 1 3 



[Para 14] As mentioned above, in the fabricating process of the flash memory 
cell of the present invention, the select gate and the floating gate are 
simultaneously formed on the sidewalls of the first and the second openings, 
respectively. Consequently, the fabricating process requires only a single 
deposition step to form the select gate and the floating gate. 

[Para 1 5] It is to be understood that both the foregoing general description 
and the following detailed description are exemplary, and are intended to 
provide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[Para 1 6] The accompanying drawings are included to provide a further 
understanding of the invention, and are incorporated in and constitute a part 
of this specification. The drawings illustrate embodiments of the invention 
and, together with the description, serve to explain the principles of the 
invention. 

[Para 1 7] Figs. 1 -6 are cross-sectional views illustrating steps in a fabricating 
process of a flash memory cell according to a preferred embodiment of the 
invention, where Fig. 6 shows the structure of a flash memory cell according to 
the preferred embodiment of the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMNETS 

[Para 1 8] The following description to the preferred embodiments of the 
present invention, as illustrated in the accompanying Figs 1 -6, is set forth, for 
the purpose of explanation and not limitation, to provide a thorough 
understanding of the present invention. 

[Para 1 9] Referring to Fig. 1 , a substrate 1 00 is first provided, including a 
periphery circuit region 1 02 and a memory cell region 1 04 thereon. Next, a 
pad oxide layer 1 08 and a hard mask layer 1 1 0 are in turn formed on 
substratel 00. The pad oxidation layer 1 08 is formed, for example, via thermal 
oxidation. The mask layer 1 1 0 is formed with a material, for example, silicon 



Page 4 of 1 3 



nitride, and through a method, for example, low-pressure chemical vapor 
phase deposition (LPCVD) with SihhCh / NH3 as reacting gases. Further, a 
patterned photoresist layer 1 1 4 is formed on the hard mask layer 1 1 0, the 
exposed hard mask layer 1 1 0 is etched with the photoresist layer 1 1 4 as 
mask, and the etching process continues downwards into the pad oxide layer 
1 08 and the substrate 1 00 to form a first opening 1 1 8 in the substrate 1 00 of 
the memory cell region 1 04. During the etching process of the first opening 
1 1 8, conditions of the polymer formation can be controlled so as to make the 
bottom of the first opening with round corners, the purpose of which will be 
briefly explained later. 

[Para 20] Referring to Fig. 2, residual of the photoresist layer 1 14 is 
subsequently removed, and a spacer 1 22, made of a material such as silicon 
oxide, is formed on the sidewalls of the mask layer 1 10 and the first opening 
1 1 8 in the memory cell region 1 04. The process to form the spacer 1 22 is, for 
example, as follows: a conformal silicon oxide layer (not shown) is formed on 
the substrate 1 00 via chemical vapor phase deposition, and then such 
conformal silicon oxide layer is anisotropically etched back. Next, the exposed 
substrate 1 00 is etched, with the mask layer 1 1 0 and the spacer 1 22 as mask, 
to form a second opening 1 26 in the substrate 1 00. As shown in Fig. 2, the 
second opening 1 26 is narrower than the first opening 1 1 8, but is deeper, as 
measured from the surface of the substrate 100, than the first opening 1 1 8. 
Further, ion implantation is carried out, with the mask layer 1 1 0 and the 
spacer 1 22 as mask, to form a high-voltage region 1 30 under the bottom of 
the second opening 126 in the substrate 100. The high-voltage doped region 
1 30 is simultaneously used as a control gate and a drain region. As described 
later, such high-voltage doped region 1 30, as inferred by its name, will be 
supplied with a high voltage in a programming or erasing mode. 

[Para 21] In addition, even though the first opening 1 1 8 and the second 
opening 1 26 in this embodiment are formed by the method as described 
above, the fabricating methods are not so limited. For example, these two 
openings may be formed in a way similar to that to form a dual damascene 
opening. I.e., the second opening is formed with a depth less than a 
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predetermined value, then a photoresist layer defining the first opening is 
formed, and further, by etching the substrate, the first opening is formed while 
the second opening is brought to the predetermined depth. 

[Para 22] Referring to Fig. 3, the pad oxide layer 1 08, the mask layer 1 1 0 and 
the spacer 1 22 are subsequently removed via, preferably, wet etching to 
prevent damaging the surface of the substrate 1 00. A gate dielectric layer 1 34 
and a conductive layer 1 38 are further formed on the substrate 1 00. The gate 
dielectric layer 1 34 is made of materials such as silicon dioxide and by 
methods such as thermal oxidation. The conductive layer 1 38 is made of 
materials such as polysilicon and by methods such as LPCVD with 
silicomethane (SihU) as a reacting gas. 

[Para 23] Referring to Fig. 4, an anti-reflection coating (ARC) layer 142 and a 
photoresist layer 146 which defines patterns of periphery devices are then 
formed on the polysilicon layer 1 38 in the periphery circuit region 1 02. Next, 
the polysilicon layer 1 38 is anisotropically etched in order to form 
simultaneously two select gates 1 38a on two sidewalls of the first opening 
1 1 8, two floating gates 1 38b on two sidewalls of the second opening 1 26, and 
the gate 1 38c of periphery devices in the periphery circuit region 1 02. In 
other words, there are two memory cells formed in the first opening 1 1 8 and 
the second opening 1 26. In addition, since both the first opening 1 1 8 and the 
second opening 1 26 have round corners on their bottoms, the select gatel 38a 
and the floating gate 1 38b will not form sharp edges near the substrate 1 00 
and subsequently will not generate excessive electric field causing problems 
such as electric leakage. 

[Para 24] Referring to Fig. 5, an ion implantation is then carried out to form a 
source/drain extension region 1 50. Consequently, an insulating spacer 1 54b 
is formed on the sidewall of the gate 138c, and an insulating spacer 1 54a is 
formed simultaneously on the sidewalls of both the select gate 1 38a and the 
floating gate 1 38b. The insulating spacers 1 54a and 1 54b are made with 
materials such as silicon nitride, and by processes such as forming a 
conformal silicon nitride layer and then carrying out anisotropic etching. 
Further, ion implantation is carried out with the select gate 1 38a, the floating 
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gate 1 38b and the gate 1 38c of the periphery devices as mask in order to form 
simultaneously two source regions 1 58a of the memory cells and the 
source/drain region 1 58b of the periphery devices. 

[Para 25] Referring to Fig. 6, an insulating layer 1 60 is then formed on the 
substrate 100. The insulating layer 160 may be made of materials such as 
silicon oxide produced via methods such as plasma electron chemical vapor 
deposition (PECVD). Consequently, a contact plug 164, which penetrates 
through the insulating layer 1 60 and the gate dielectric layer 1 34 and is 
connected electronically with the high-voltage doped region 1 30, is formed, 
and a wire line 1 68 is formed above the insulating layer 1 60. During the 
process to form the contact plug 1 64, the insulating spacer 1 54a, made of 
silicon nitride, can protect the floating gate 1 38b so as to prevent it from 
shorting with the contact plug 1 64. In such a programming/erasing mode of 
the flash memory cell, the high voltage, required in the high-voltage doped 
region, is provided through the wire line 1 68 and the contact plug 1 64. 

[Para 26] Additionally, even though in the present embodiment of the 
invention the contact plug 1 64 above the memory cell is connected electrically 
with the high-voltage doped region 1 30 to provide the requisite high voltage 
for the operation, when the high-voltage doped region is formed with a 
embedded wire line, the contact plug 164 is then not required to be formed 
above every memory cell but only at the line terminal of the high-voltage 
doped region 1 30. 

[Para 27] Further referring to Fig. 6, the high-voltage doped region 1 60 in a 
flash memory cell of the invention is simultaneously used as a control gate and 
a drain region. More particularly, in such a programming mode of the flash 
memory cell, when a high voltage is applied to the high-voltage doped region 
1 30 under the bottom of the second opening 1 26, a sufficient voltage will be 
induced in the floating gate 1 38b on the sidewall of the second opening 1 26 
to turn on the channel on the sidewall of the substrate 100. Under such a 
circumstance, if turning on the channel on the sidewall of the select gate 1 38a 
on the substrate 100 and applying a low voltage on the source region 1 58a, 
electrons will inject to the high-voltage doped region 1 30 from the source 
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region 1 58a, whereas a part of which will inject into the floating gate 1 38b, as 
indicated by the horizontal arrow. The above method is called as channel hot 
electron injection (CHEI). On the other hand, in an erasing mode, a high 
voltage is applied to the high-voltage doped region 1 30 to cause electrons in 
the floating gate 1 38b injecting, under Fowler-Nordheim channeling effect, to 
the high-voltage doped region 1 30, as indicated by the vertical arrow. 

[Para 28] As described above, in the preferred embodiment of the present 
invention, the select gate and the floating gate of the flash memory cell are 
formed simultaneously on the sidewalls of the first opening and the second 
opening, respectively, via a method of deposition and etching back of 
conductive materials, so that only a single deposition step is required to form 
the select gate and the control gate in a fabricating process of the split gate. 

[Para 29] It will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure of the present 
invention without departing from the scope or spirit of the invention. In view 
of the foregoing, it is intended that the present invention covers modifications 
and variations of this invention provided they fall within the scope of the 
following claims and their equivalents. 
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